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Product Variety and Lead-Time 
Analysis in PC Assembly Industry 
Using Simulation Technique 
N.H. Saad 
ABSTRACT 
Product variety is one of the main market strategies in the mass customisation 
(MC). The aim of MC is to satisfy individual needs with mass production 
efficiency. The diversification of product line is very important in today's 
business environment, where the customers are from various level of economic 
status, various ranges of age and have different need on certain product. In 
broadening product line based on customer requirement, it is analogous to 
increase relative attractions of the firm's product portfolio vis-a-vis competition. 
However, it may give negative effects on the manufacturing performance such 
as quality, cost, and problems in expediting customer orders. Hence, the main 
focus of this paper is to analyse the impact of product variety on lead-time. 
Lead- time is one of the very important performance indicators in measuring 
the performance of an organization. It is measured between placement of the 
order in the production until delivery time to customer. In analysing the impact, 
simulation model was built based on the focused manufacturing environment, 
in the area of Personal Computer (PC) Assembly Industry. The model was 
simulated using ARENA Simulation Software. Based on the quantitative result 
of the simulated model, the correlations between product variety and lead -
time were analysed and observed. 
Keywords: Impact, Variety, lead-time, simulation, PC Assembly Industry 
Introduction 
Nowadays, winning the customer is an essential key for an organisation to 
stay longer in the business. Therefore, many strategies have been tackled by 
organisations to win their customer among the competitors such as based on 
order winning criteria, quality, cost, delivery time and after sales service. 
Product variety is one of the product market strategies in mass customisation 
(MC), that a company wants to offer to their customer [12]. MC recognises the 
customer as an individual and provides each of them with an attractive 'tailor-
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made'. It is found that MC is capable of addressing and fragmenting market [20]. 
It gives greater satisfaction and repeat business due to a better fit between 
customer needs and the product or services offered. Although product variety 
may have positive effects in attracting customer and monopolising market share, 
it also induces many negative effects such as on quality, cost, service and 
problem in expediting customer orders [5,12 and 23]. 
As it is observed, obviously the effects contradict with the order winning 
criteria which with at the same time the organisation trying to strive. Therefore it 
is important to analyse how large those impacts will affect the manufacturing 
performances. A PC Assembly Company, located in United Kingdom was chosen 
as a cease study to the concept. A model was developed using ARENA Simulation 
software and analysed to investigate the degree of correlation between product 
variety and lead time. 
The Importance of Product Variety 
The diversification of product line is very important in today's business 
environment. The manufacturer should be aware, where in the extreme case; 
there is customer that really needs a product tailored exactly to his or her 
requirement. Though product variety may have negative impact on 
manufacturing performance, it is a very important strategy in the volatile 
marketplace. Product variety offers the possibility of reducing the distances of 
consumers from their perceived 'ideal product profile' [9]. By broadening product 
line, the probability of the customer choosing the brand can be increased because 
there are different models to suit different needs. 
Therefore, the image of full line brand would be built up; customers and 
suppliers usually have more confidence to deal with the company. Thus, enable 
the company to negotiate especially the price per component for profit strategy. 
Though, as argued by few researchers, the competitive advantages may rise 
depending on how it is managed [3, 6, 14, and 21]. Finally, in turn, broadening 
product line ensures the company to extend the market share as well as to 
increase the power in monopolising the market. 
The Importance of Lead-Time 
Lead-time is determined to be a very crucial element in manufacturing industry. 
It directly relates with planning and controlling the organization such as 
inventory control, scheduling, forecasting, dealing with quality and co-
ordinating across supply chains. It is a fundamental driver in achieving and 
enhancing business performance and has been long recognised as an important 
matrix for assessing the performance in global world market [7]. 
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Longer manufacturing lead-time forces final schedules to be frozen over 
long time horizon and thus increasing the chance of schedule changes. The 
variability of forecast is greater as horizon becomes longer, thus safety stock 
can be expected to grow more proportionally than lead-time [8]. Furthermore, in 
make-to-order environment, a longer lead time must be quoted to ensure on time 
delivery and in make-to-stock environment variability must be maintained at 
finished goods level for controlling backlog or increasing inventory level. 
If the lead-time between production and inspection is high, the number of 
non-confirming pieces may also be proportionally large. As a result, the root 
causes of quality problem are harder to trace. The lead time is a very important 
performance indicator of an organisation. It measures any loss of opportunity as 
an evaluation of markets, technologies and regulation in case of product 
development lead-time. It is also an indicator of resources utilisation, for example 
by minimising the idle times the productivity of resources can be improved. 
Shortening lead-time can provide competitive advantage through lowering cost, 
speeding response time and improving turnover of the cash investment in 
inventory [14]. 
Challenges in PC Assembly Environment 
Main challenges in managing the PC Assembly Company as discussed below: 
Demand Forecasting 
Forecasting is very important for the input of material requirement and financial 
planning [4]. However, it relates directly with the operating policy of an 
organisation. The PC Assembly Company used the strategy of 'delayed 
differentiation' or postponement. The strategy involves storing inventory in 
semi-finished forms and the process would not commit the work in process into 
a particular finished product until the demand is confirmed [11]. The accurate 
forecasting is very important for the company because: 
(i) Product transition - PC Assembly industry involves with the introduction 
of new product and technology, in order to develop profitable products 
that closely match customer requirement. 
(ii) Increase upgrading possibilities - It increases the demand for sub-system 
such as storage system, hard drive and etc; therefore it is very important 
to forecast the quantity and the type of such sub-system. 
(iii) Customer requirement - Most PC Assembly companies offer product in 
the form of collections of modular, interchangeable sub-systems and sub-
assemblies referred to common building blocks. The forecasting is very 
important to determine the possible combinations of the different modules 
such as different size of monitor, processor and hard drive capacity. 
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Part Planning 
The company needs to develop detailed production and procurements plans, 
part scheduling and sequencing for all components and sub-assemblies that go 
to the final products. The challenge in these areas is that the company may face 
with variety of parts, sub-assemblies, sub-components, diverse technology as 
well as manufacturing processes. 
Assembly Planning 
In this case, the PC Assembly Company used the postponement strategy, where 
the semi-finished items are stored in inventory until the demand is confirmed. 
Therefore, the policy implied MTO, MTS, ATO and ETO (refer to Figure 1); 
where, the customer will specify the products in detail to conform to their 
requirement based on the option provided by the organisation. 
Inter Plant Co-ordination 
The problems related to PC Assembly Company may arise from complicated 
task to plan the merger of the sub-system comprising the multiple orders from 
customers, multiple input from suppliers, synchronising the arrival of input of 
operation, delivering the product to distribution centres, retailers, as well as the 
very important issues of shop floor including process control, line balancing 
and process scheduling. 
Physical Layout of Operation 
The layout is important in ensuring the way in which the transformed resources 
flow through the operation [17]. Commonly, the product classification determines 
the orchestration of production layout. 
Lead-Time Components 
Fundamentally, the lead-time of manufacturing organisation is determined by 
the policy of the organisation itself. To describe the lead time in manufacturing 
organisation, the work by Tersine, Hummingbird, (1995) [19] was adopted as 
shown in Figure 1. 
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Engineer - no - order (ETO) 
Make - to - orcjer (MTO) 
Assemble-to order (ATO) 
Make-to-Stock 
(MTS) 
Engineering Procuring Fabrication Assembly Delivery Product Stages 
Figure 1: Product Environment and Lead-Time 
Nowadays, the company which can provide good responsiveness will have 
greater advantages. Generally, time based competition involved with time to 
bring new products to market, time to manufacture an existing product and time 
to deliver product to customer. In focusing the reduction of total lead-time of 
operation three terms are observed as important components, (i) a model to 
represent basic components of lead-time; (ii) factors which may affect the lead 
time, time driver (in this case is the product variety); and (iii) the focus of non-
value added activities. 
Based on the previous work [1, 14], ten components of lead-time had been 
adopted and modelled in this paper: (i) Inter-arrival time; (ii) Processing time; (iii) 
Set up time; (iv) Queue time; (v) Rework time; (vi) Breakdown time, (vii) Wait to 
move time, (viii) Synchro time; (ix) Move time; and (x) Physical handling time. 
The non-value added activities could be reduced by focusing the reduction of 
gaps (time, space, quantity, quality and information) between the real operation 
of production and the actual requirement by customer [19]. 
Product Variety Components 
In this paper, the variety being modelled is only the varieties towards the final 
assembly of component stage. There are three types of product variety that 
have been modelled, which were based on different models of PC due to different 
types of processors, two different monitor sizes 14 and 17 inches and two choices 
of the CPU body cases. Refer to Table 1 for the details of the experimentation 
data. The selected product structure was based on the customer demand within 
the selected time horizon of the actual running production. 
The impacts of product variety were represented by few factors, which were 
the failure of machine due to long operation time, quality problems, variability in 
processing time, problem with the input supply, set up operation, waiting for co-
ordinating multiple input, problems in material handling system, the variability in 
handling the items subjected to human intervention and waiting to be processed 
in the machine. 
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PC Assembly Model 
The type of production layout of the selected PC Assembly Company was 
cellular as portrayed in Figure 2. The research has analysed eight sub-sections 
(S1 to S8) of the four main cells of the shop floor, Monitor Cell, Keyboard, CPU 
Cell and Packaging and three sub-sections (S9 to S11) of the separate sub-cell of 
Soldering Cell (refer to Figure 3). The focus of analysis is on the final assembly 
process only. If the variety gives certain degree of impacts to lead-time, a simple 
hypothesis can be made that the impact of product variety may be larger if the 
variety occurs from the early design stage of component. 
Monitor Cell 
Keyboard Cell 
• S1 
Packaging Cell 
I S5 • S7 
• 
S6 • S8 
S9 S10 S11 
Processor 
Station • 
S2 
CPU Cell 
S3 
S4 
[soldering 
Cell 
Figure 2: Shop Floor Layout of the PC Assembly Company 
i. 
SOLDERING 
MACHINE 
i n 
IM u 
l l B f e — . 
REWORK 
STATION 
SOLDERING 
INSPECTION 
SYSTEM 
fr- | Si! J 
mp 
• 
^ ™ P C B 
• • • S A L A AGED 
m n sss *» ^ M 
CONVEY OR ACCESS POINT 
FOR ARRFvTNG PCB 
P ACCEPTED 
PCB 
Figure 3: Schematic Diagram of Soldering Cell Model using ARENA 
Simulation Software 
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Model Assumption 
The cells have smooth internal supply-chain-distribution. There is no problem 
on the supplies for the input of each cell either from internal or external suppliers. 
Currently, the plant has enough capacity in terms of material, machine, equipment, 
workforce and skill to fulfil the demand. Due to the policy of the company, any 
defects found in the work-in-process part are removed and reworked separately. 
The batch size does not have to wait for the reworked item to proceed to the next 
station. 
Referring to the soldering cell, the PCB arrives in the form of models mix 
from the previous station. No problem arises in term of material handling system. 
The demands of each PCB types are known. The soldering time for different 
types of PCB is similar due to the flexibility of the soldering machine to handle 
various type of PCB. The complete model of the PC assembly shop floor is 
developed based on the demand in the form of complete set of PC. 
Experimentation and Data Analysis 
PC is one of the examples of products which apply integral and modular 
architecture design. Due to the nature of the product, each component of PC can 
be processed and assembled independently. 
The model of the PC assembly shop floor was developed based on the 
experimentation data shown in Table 1. The details of the data analysis are 
shown in Table 2. The model was simulated using ARENA Simulation software. 
The lead-time for the eleven work stations were recorded for each of the different 
level of the variety provided. Then, to observe the impact of the product variety, 
the graphs, Lead-Time versus Number of Product Variety were plotted. To measure 
the degree of the impact, the slopes of the graph were calculated. The higher the 
value of the graph gradient will show a higher level of severity of product variety 
impact on the lead time. 
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Table 1: Experimentation Data of the PC Assembly Model 
Exp./ 
No. of 
Model 
(based on 
no. of 
Processor) 
No. of 
Models: 1 
2** 
No. of 
Models: 2 
3 * * 
No. of 
Models: 3 
4** 
No. of 
Models: 4 
5** 
No. of 
Models: 5 
6** 
No. of 
Models: 6 
Conditions/ 
Demand 
100 PC-SI4/M1 
100 PC-SI7/M1 
Demand Expl + 
100 PC-SI4/M2 
100 PC-SI7/M2 
Demand Exp2 + 
100 PC-SI4/M3 
100 PC-SI7/M3 
Demand Exp3 + 
100 PC-SI4/M4 
100 PC-SI7/M4 
Demand Exp4 + 
100 PC-SI4/M5 
100 PC-SI7/M5 
Demand Exp5 + 
100 PC-SI4/M6 
100 PC-SI7/M6 
Type & Number of Variety Provided 
Monitor 
S14, S17 [2]* 
S14, S17 [2]* 
S14, S17 [2]* 
S14, S17 [2]* 
S14, S17 [2]* 
S14, S17 [2]* 
Processor 
PI [1] 
PI, P2 [2]* 
PI, P2, P3 
[3]* 
PI, P2, P3, 
P4 [4]* 
PI, P2, P3, 
P4, P5 [5]* 
PI, P2, P3, 
P4, P5, 
P6 [6]* 
CPU 
BS1, BS2 [2]* 
BS1, BS2 [2]* 
BS1, BS2 [2]* 
BS1,BS2 [2]* 
BS1, BS2 [21* 
BS1, BS2 [2]* 
Keyboard 
Kl [1] 
Kl [11 
Kl [1] 
Kl [1] 
Kl [1J 
Kl [1] 
Total 
Variety 
2 * 2 = 4 
8 
12 
16 
20 
24 
7## 
8## 
9## 
10## 
11## 
12## 
5000 PCB/ model 
5000 PCB/ model 
5000 PCB/ model 
5000 PCB/ model 
5000 PCB/ model 
5000 PCB/ model 
PCB: Ml, M2, M3, M4, M5 
PCB: Ml, M2, M3, M4, M5, M6 
PCB: Ml, M2, M3, M4, M5, M6, M7 
PCB: Ml, M2, M3, M4, M5, M6, M7, M8 
PCB: Ml, M2, M3, M4, M5, M6, M7, M8, M9 
PCB: Ml, M2, M3, M4, M5, M6, M7, M8, M9, M10 
5 
6 
7 
8 
9 
10 
Note: ** Experimentation Data - eight sub-stations of the 4 main cells 
##
 Experimentation Data - three sub-section of the separate sub-cell of Soldering Cell 
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Table 2: Analysis Data of the PC Assembly Model 
Cell/ Stations 
Keyboard Cell (4 
stations) 
• KAl 
• KS1 
• KS2 
• S I : 
Final Inspection 
CPU Cell (7 
stations) 
• PA: 1,2,3,4,5,6 
• PM1 
• S2: 
System Unit Final 
Assembly 
• CPU AS 1 
• CPUAS2 
• S3: CPU1 Fin 
Ass 
• S4: CPU2 Fin 
Ass 
Monitor Cell 
(3 stations) 
• MS14A 
• MS17A 
• MFA 
Packaging Cell 
(4 stations) 
• S5: S14 
Packaging 
• S6: S17 
Packaging 
• S7: Shipping 1 
• S8: Shipping 2 
Process Time 
(min.)/Activity 
Exponential (3) 
Normal (3,0.02) 
Triangular (3,5,7) 
Uniform (5,10) 
Enter time (0) 
Triangular (3,5,7) 
Normal (5,0.04) 
Ent. time (1 week) 
Ent. time (2 week) 
Normal (1,0.01) 
Normal (1,0.03) 
Enter Time 
(first creation) 
100 
100 
-
Triangular (5,7,9) 
Triangular(7,9,ll) 
-
-
Others 
KS1 - Failure 
Up time: exponential 
(60) 
Down time: 
exponential (7) 
SI - Failure probability 
10 % 
PA - Batch size (200/P) 
PM1 - Set up time 
After 200 units, 
Uniform (30, 50) 
Batch Size: 
600 
600 
-
-
Transporters/Conveyor 
KAl: Access keyboard C 
KS1: Exit & access C 
SI : Exit C and request T 
to packaging station 
PM1: access CPU C 
S2 : Exit C 
S3: Request CPU T 
S4: Request CPU T 
MS14A: access monitor C 
MS 17A: access monitor C 
MFA: Exit monitor C & 
request monitor T 
S5: free T 
S5: free T 
-
-
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Cell/ Stations 
Soldering Cell 
(7 stations) 
• CACCP 
• SM 
• SINSP 
• RWKS 
• S9: Accepted 
PCB 
• S10: 
Salvaged PCB 
• S l l : 
Rejected PCB 
Process Time 
(min.)/Activity 
Arrival time 
Exponential (5) 
Uniform (1.5,2) 
Triangular (1,3-5,5) 
Triangular (5,7,10) 
Others 
CACCP - Model mix 
SM - failure 
Time between failure: 
exponential (200) 
Down time: expo. (10) 
SINSP-Fail. 
Prob.10% 
RWKS - Fail. Prob. 
15% 
Transporters/Conveyor 
CACCP: LT (O) ~18s | 
SM: ULT & LT (Rl) -
24s (C - M); 
ULT & LT (Rl) - 24s 
(M - C) 
SINSP: ULT (0) - 36s (C) 
LT (O) - fail PCB - 24s (T) 
LT (O) - pass PCB - 33s (C) 
RWKS: ULT(0)-rework 
PCB - 21s (T); 
LT(O) - salvaged PCB -
15s (T) 
S9: ULT(R2)-1 min (C) 
S10: ULT(0)-1.2 min (T) 
Sll: transfer rejected PCB 
(O)-l min 
*Note: The data which are constant is not included in the above Table 
*C: conveyor; T: transporters; O: operator; M: machine; R: robot; LT: load time; ULT: unload 
time; s: unit in second 
Results 
AVERAGE LEAD TIME OF S1,S2,S3,S4, VERSUS 
TOTAL VARIETY PROVIDED 
-S1 
-S2 
-S3 
-S4 
V-4 V-8 V-12 V-16 V-20 V-24 
TOTAL NO.OF VARIETY PROVIDED 
Figure 4(a): Average Lead-Time of Sub-Sections S1, S2, S3, and S4 
of Main Cell of PC Assembly Shop Floor versus Total Variety Provided 
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AVERAGE LEAD TIME OF S5,S6,S7, S8 VERSUS 
TOTAL VARIETY PROVIDED 
250 
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-S5 
-S6 
-S7 
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V-4 V-8 V-12 V-16 V-20 V-24 
TOTAL NO.OF VARIETY PROVIDED 
Figure 4(b): Average Lead-Time of Sub-Sections S5, S6, S7, and S8 
of Main Cell of PC Assembly Shop Floor versus Total Variety Provided 
AVERAGE LEAD TIME OF ACCEPTED PCB(S9), 
SALVAGED PCB (S10)& REJECTED PCB (S11) 
VS TOTAL VARIETY PROVIDED 
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Figure 4(c): Average Lead-Time of Sub-Sections S9, S10, S1 
Soldering Cell Versus Total Variety Provided 
of 
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Table 3: The Slope for the Graph in Figure 4 (a), (b), and (c) 
% 
1.0 
G
S2 
0.6 
% 
3.1 
Gm 
3.1 
Cfc 
3.3 
Gs* 
4.9 
GS7 
8.1 
G S 8 
7.0 
G S 9 
-
GS1() 
-
G S 1 . 
-
Discussion 
In general, the graphs in Figure 4(a) and 4(b) show linear correlation between 
lead-time and product variety. When the number of variety is increased, the 
average lead-time will also increase. Referring to the station SI, the positive 
correlation is expected due to the failure based on time that is being modelled in 
the station. Though, there is no product variety being modelled, the impact of 
other cell did affect the station. 
In S2, seems that non-linear correlation between lead-time and product 
variety exist. When the variety is increased, the lead-time also increased, but 
with distinctive correlation. This correlation type can be discussed due to different 
combination of set up time, waiting time, queue time and the increase number of 
processors to be processed. When the number of PC models are increased to 6 
(equivalent to 24 variety in total; refer to Table 1) the average lead-time dropped 
steeply to 5.84. In this case, the increase of number of processors might mitigate 
the impact of different combination of time by distributing and balancing those 
entities. However, to confirm the situation, further analysis must be done. 
The graphs for S3, S4, S5, S6, S7 and S8 show linear correlation between 
product variety and lead- time. The impact for the eight stations may be carried 
forward from the previous stations. In S3 and S4, the average lead- time for both 
stations do not affect by the different inter-arrival time of the CPU case from 
different suppliers. The order arrived just in time before being processed. The 
impact in S5 and S6 are expected from the effect of the material handling system, 
wait-to-move time for the availability of the transporters, and waiting for specified 
batch size before it can be transferred to the packaging station. 
From the graph shown in Figure 4(c), it can be observed that the different 
numbers of variety provided in the cell did not affect the lead time. This can be 
explained by observing the environment of the cell itself. Though the arrival 
PCB is in the form of mix model, the plant can still cope with the complexity. The 
management played their roles by making flexible production scheduling. In 
addition, due to flexible soldering base, various PCB models can be soldered 
without requiring any equipment set up between different models. The 
maintenance policy for the machine involved was very tight. The management 
always emphasized on periodic maintenance as well as preventive maintenance. 
That is why the machine seldom failed. 
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From the Table 3, the highest impact of product variety on the lead-time 
occurs in S7 followed by S8, S6, S5, S3 and S4, SI and S2 consecutively. The 
highest impact in S7 and S8 may be the caused of effects from the other cells, 
where both stations require inputs from other cells. While, the lowest impact is 
in S2 which, can be explained due to the least inter-connection of the cell with 
the other cells, as well as the typical layout that had been practised. 
Conclusion and Recommendation 
Product variety is one of strategic product market strategy in today's volatile 
marketplace. It gives competitive advantage in extending the market share. 
However, it also induces negative impact on the manufacturing performance. As 
has been portrayed in this paper, the impact of product variety on lead-time was 
quantified by using simulation model. From the result of experimentation, it can 
be concluded that the number of variety provided has an impact on the component 
of lead time being modelled. However, the degree of impact depends specifically 
on the environment of production, the way the management handles the operation, 
the capability of the operation to cope with the complexity arises from product 
variations (in terms of technology and capacity), and the embedded efforts from 
management to support the operation such as tightening maintenance policy 
and quality program. 
Taking an example of the Soldering Cell, due to management support on the 
operation, having smooth supply of operation input, tightening the maintenance 
policy (reduce the probability machine to failure), the result found that the product 
variety does not affect the average lead-time of production. Though the machine 
failed due to long operation time, but the impact of product variety due to 
breakdown time was mitigated by the technology being provided. The flexibility 
of the soldering base offered various type of PCB to be soldered without requiring 
any set up operation or having any variability in the processing time. In the case 
of PC Assembly model, the product variety had significant impact on average 
lead time. This was reflected from the environment of the PC Assembly being 
modelled. The machine has to be set-up, each batch of equipment has to wait for 
the availability of machine, availability of material handling system and need to 
wait for certain batch size before it can proceed to the next operation. 
It can be noted that few important issues were found: 
• The impact on lead- time will be more severe when the number of variety 
increased. 
• Even though, only the varieties towards the final assembly of component 
stage had been modelled, the quantitative result showed significant 
effect of the product variety on the lead time. Therefore, the impact of 
product variety may be larger if the variety occurs from the early design 
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stage of component. Further analysis need to be done to confirm the 
hypothesis. 
• Technology can be used to mitigate the impact of the variability in lead-
time. However, in ensuring successful achievement, it is important for 
the management to manage intelligently all the technology to make the 
production more flexible. It is also important to ensure enough 
technology to cope with the variations. 
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